Gonadotropins and epidermal growth factor (EGF) play crucial roles in promoting oocyte maturation. The regulatory network downstream of these key factors is not well understood. The present study was designed to investigate the role of the calcium-sensing receptor (CASR) in porcine oocyte in vitro maturation. CASR expression was up-regulated in oocytes matured in gonadotropin-containing medium. Cortical distribution of CASR was enhanced with gonadotropins but not EGF. Supplementation of a CASR agonist (NPS R-568) in the gonadotropin (FSH and/or LH)-containing maturation medium significantly enhanced oocyte nuclear maturation. Addition of NPS2390, a CASR antagonist, compromised oocyte nuclear maturation. Furthermore, increased cortical distribution and decreased expression of CASR was observed after the NPS R-568 treatment. Oocytes treated with NPS R-568 had higher concentration of CYCLIN B1, decreased reactive oxygen species, and increased glutathione levels, indicative of advanced cytoplasmic maturation. In contrast, NPS2390 treatment compromised oocyte cytoplasmic maturation. A higher blastocyst formation rate after parthenogenetic activation was observed when oocytes were matured in the presence of the CASR agonist, NPS R-568. MAPK3/1 phosphorylation was increased during in vitro maturation and after NPS R-568 treatment, and decreased following CASR antagonist supplementation. Taken together, our data showed that the CASR is a gonadotropinregulated factor that promotes porcine oocyte maturation in a MAPK-dependent manner.
INTRODUCTION
Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) play critical roles in the resumption of meiosis in oocytes [1] [2] [3] . FSH and LH induce morphological and physiological changes in the oocyte by stimulating an array of responsive genes [4] . Epidermal growth factor (EGF) is another key regulator of oocytes meiotic and cytoplasmic maturation, and serves as a downstream effector of gonadotropin-induced maturation [5] [6] [7] . In addition to these factors, calcium (Ca 2þ ), as bivalent ion, is important for gonadotropininduced oocyte maturation in mammals [8] [9] [10] [11] [12] . During oocyte maturation, Ca 2þ plays dual roles in oocyte maturation. First, it is required to flux into the cell for signal transduction. Second, it acts as a first messenger through its receptor: calcium-sensing receptor (CASR) [13] .
CASR is a G protein-coupled receptor of the family C that contains a large extracellular domain (ECD). Extracellular Ca 2þ binding to the ECD results in CASR stimulation and activation of multiple downstream signaling pathways of G i/o , G q/11 , and G 12/13 [14] [15] [16] . G i/o reduces protein kinase A activity, while activation of G q/11 stimulates phospholipase Cb (PLCb), followed by the phosphorylation of the extracellularregulated protein kinases 1/2 (ERK1/2) or MAPK3/1 [17] . CASR function has been studied in many different cells types by using the agonist NPS R-568 and the antagonist NPS2390 [18] [19] [20] . NPS R-568 activates G protein-linked CASR by binding to ECD to allosterically increase the affinity of the receptor for Ca 2þ , which leads to efficient signal transduction [21] . NPS2390 is a potent and selective noncompetitive group I metabotropic glutamate receptor (mGluR) antagonist, which was used in the studies on CASR due to the high structural homology with mGluR1 [22] [23] [24] .
CASR expression and localization were identified in human and equine oocytes and cumulus cells. CASR expression reaches its peak in human oocytes at the metaphase-I (MI) stage in vivo [25] . During in vitro maturation (IVM), CASR cortical distribution of equine oocytes was significantly increased in medium supplemented with gonadotropins. Blocking CASR activation by using NPS2390 abolishes MAPKs phosphorylation, indicating that the MAPK pathway may be responsible for CASR-induced oocyte maturation [13] . However, how CASR is regulated by gonadotropins or EGF and how CASR promotes oocytes maturation remain to be determined. Furthermore, the functional role of CASR in porcine oocyte maturation is not clear. Therefore, our aim was to investigate the effects of gonadotropins and EGF on CASR expression and localization in porcine oocytes and to determine the influence of CASR on nuclear and cytoplasmic maturation. We used previously described markers to measure cytoplasmic maturation including the CYCLIN B1 protein level, cytoplasmic glutathione (GSH), and reactive oxygen species (ROS) [26, 27] . The effect of CASR inhibition or activation on oocyte development competency was assessed by the rates of embryo development after parthenogenetic activation. Finally, expression and localization of CASR and MAPK3/1 phosphorylation were examined before and after oocyte maturation.
MATERIALS AND METHODS
All the chemicals for this study were purchased from Sigma Chemicals Co. unless otherwise stated.
Porcine Cumulus-Oocyte Complexes Collection and IVM
Isolated ovaries were collected from prepubertal Landrace gilts at a local abattoir and washed in prewarmed (358C-378C) 0.9% (w/v) NaCl containing 65 mg/L potassium penicillin G and 50 mg/L streptomycin sulfate. Ovaries were transported to the laboratory within 2 h of slaughter, and cumulus-oocyte complexes (COCs) were aspirated from antral follicles (3-8 mm diameter) with an 18-gauge needle fitted with a 10 ml disposable syringe. Aspirates were flushed with prewarmed Tyrode's medium containing 0.1% (w/v) polyvinyl alcohol (PVA) [28] . COCs with uniform cytoplasm and at least four layers of intact, compact cumulus cells were selected under a microscope (SZ61; Olympus). COCs were washed three times in preequilibrated IVM medium. Groups of 50-70 COCs were cultured in 500 ll IVM medium at 398C in an atmosphere of 5% CO 2 and saturated humidity for designated times. Porcine oocyte maturation was optimized in the culture system [29, 30] . IVM medium consisted of tissue culture medium 199 (TCM199; Gibco) with Earle salts supplemented with 0.57 mM cysteine, 0.91 mM sodium pyruvate, 10 ng/ml EGF, 0.01 units/ml FSH (Sioux Biochemical), 0.01 units/ml LH (Sioux Biochemical), and 10% (v/v) porcine follicular fluid (pFF) [31] .
CASR-specific agonist NPS R-568 (5 lM) (Tocris Bioscience Bristol) or antagonist NPS2390 (10 lM) was added to the IVM medium to study CASR function. There were four groups defined based on the duration of treatment with either NPS R-568 or NPS2390 (as shown in Fig. 1 ): control treated for 0 h (Group 1), treatment between 0 and 22 h (Group 2), treatment between 22 and 44 h (Group 3), and treatment between 0 and 44 h (Group 4).
RNA Isolation, Reverse Transcription PCR, and Quantitative Reverse-Transcription PCR Total RNA was isolated from oocytes and cumulus cells using the RNAeasy Mini kit (Qiagen) according to the manufacturer's instructions, which included DNAse treatment. RNA concentration and purity was confirmed with a Nanodrop ND-1000 Spectrophotometer (Biolab). After isolation, RNA from each treatment group was reverse transcribed (HighCapacity cDNA Reverse Transcription kit; Applied Biosystems). RT-PCR for CASR expression was performed according to the manufacturer's instructions (Tiangen Biotech) and fragments generated were visualized by gel electrophoresis. Quantitative RT-PCR was conducted as described previously [32] using an ABI 7500 real-time PCR instrument (Applied Biosystems). Primer sequences for CASR were designed using the software Primer Premier v5.0 (Premier Biosoft International), and the primers used for 18S ribosomal RNA (18S rRNA) were used as reported previously [33] . Primer sequences for CASR and 18S rRNA were as follows:
0 Relative expression of the target gene was measured using the comparative 2
À44Ct method as described previously [32] .
Western Blot Analysis
Protein was extracted from samples in 23 Laemmli sample buffer and boiled for 5 min followed by cooling on ice. Immunoblotting was performed as described previously with modifications [34] . Briefly, total proteins were separated by SDS-PAGE and transferred to nitrocellulose filter membranes (0.45 lm pore size; Bio-Rad Laboratories). Membranes were blocked in 20 mM Tris, 100 mM NaCl, and 0.05% Tween 20 (TBST) containing 5% (w/v) nonfat dry milk for 2 h. Membranes were than incubated with the primary antibodies anti-phospho-MAPK3/1 (1:1000 dilution; Sigma), anti-MAPK3/1 (1:2000 dilution; Sigma), anti-CASR (1:300 dilution; Santa Cruz Biotechnology), or anti-ACTIN (1:500 dilution; Santa Cruz Biotechnology) in TBST containing 5% (w/v) nonfat dry milk for 2 h at room temperature. After three 10 min washes in TBST, membranes were incubated with horseradish peroxidaseconjugated secondary antibodies for 1 h at room temperature. For phospho-MAPK3/1, MAPK3/1, CASR, and ACTIN, goat anti-mouse immunoglobulin G (IgG), goat anti-rabbit IgG, donkey anti-goat IgG, and goat anti-rabbit IgG were diluted at 1:2000, 1:2000, 1:10 000, and 1:2000, respectively. Subsequently, immunoreactive signals were detected with ECL (Merck Chemical Co.). Densitometric analysis of band intensities was performed, and the expression of CASR and p-MAPK was normalized to ACTIN and MAPK3/1 protein expression, respectively.
Immunofluorescent Microscopy
Denuded oocytes with enzymatically removed zona pellucida were fixed in 4% paraformaldehyde for at least 20 min at room temperature. Then, oocytes were permeabilized in Dulbecco phosphate-buffered saline (DPBS) (Gibco) containing 1% Triton X-100 for 30 min at 378C and blocked in DPBS containing 2% bovine serum albumin at 378C for 1 h. After washing, samples were exposed to anti-CASR primary antibody (1:50 dilution; Santa Cruz Biotechnology) at 378C for 2 h. Samples were next incubated with Cy2-conjugated secondary antibody (1:100 dilution; Jackson ImmunoResearch) at 378C for 1.5 h (in the dark) followed by washing. Nuclear DNA was 
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counterstained with Hoechst 33342 (10 mg/ml in DPBS) for 10 min before the samples were mounted on glass slides and examined with a confocal laser scanning microscope (C1/TE2000-U; Nikon Corporation). The excitation lasers were set as 488 nm and 408 nm, and emission channels of 515/30 nm and 590/ 50 nm were used for detection of green and blue fluorescence, respectively. Negative controls were used in all experiments by omitting the primary antibody.
Assessment of Nuclear Maturation
Oocytes were collected after IVM and fixed in 4% (w/v) paraformaldehyde overnight at 48C. Samples were incubated in Hoechst 33342 solution for 10 min and mounted on glass slides. Stained oocytes were assessed using an epifluorescence microscope (Olympus) and classified according to chromatin configuration [35] as germinal vesicle (GV), GV breakdown, MI, telophase-I, and MII (with a polar body), which was considered to be mature according to the meiotic stage of maturation [36] . The major nuclear status are shown in Supplemental Figure S1 (available online at www.biolreprod.org). Oocytes that did not reach the MII stage were considered immature, and those for which the chromatin was unidentifiable or not visible, were considered degenerated or fragmented.
Assessment of Intracellular ROS and GSH Levels
Intracellular ROS and GSH in oocytes at the MII stage were measured as previously described [37] . To measure ROS, 8-10 oocytes from each treatment group were incubated (in the dark) in HEPES-buffered TCM 199 supplemented with 1 mM 2 0 , 7 0 -dichlorodihydrofluorescein-diacetate for 20 min at 398C. Cells were then washed three times in DPBS containing 0.1% (w/v) PVA. Fluorescence was measured under an epifluorescence microscope (k ¼ 464 nm excitation ). GSH was measured in a manner similar to ROS, but oocytes were measured with 10 lM 4-chloromethyl-6.8-difluoro-7-hydroxycoumarin (CellTracker Blue) with a filter (k ¼ 370 nm excitation ).
Parthenogenetic Activation and Embryo Culture
After IVM, oocytes with a first polar body and intact cytoplasm were equilibrated with an activation solution (0.3 M mannitol, 0.1 mM MgCl 2 , 0.05 mM CaCl 2 , and 0.1% [w/v] PVA) and activated (1.3 kV/cm, 80 lsec) in a fusion chamber (BTX microslide 0.5-mm fusion chamber, model 450; BTX). After electrical stimulation, oocytes were cultured with porcine zygote medium-3 [38] containing 5 mg/ml cytochalasin B and 10 mg/ml cycloheximide for 4 h at 398C in 5% CO 2 in air at saturated humidity. Activated oocytes were further cultured in porcine zygote medium-3 for 7 days to evaluate preimplantation embryo development (cleavage at Day 2, blastocyst formation at Day 7; day of parthenogenetic activation ¼ Day 0). Blastocysts at Day 7 were stained with Hoechst 33342 for 10 min to visualize cell nuclei and the total number of cells was counted under a fluorescence microscope.
Statistical Analysis
Each experiment was repeated at least three times, and the data represent the average of all repeated experiments. Percentage data (nuclear maturation, cleavage, and blastocyst formation) were arcsine transformed before statistical analysis to ensure normality and homogeneity of variance. All the data were analyzed with one-way ANOVA followed by a Student-Newman-Keuls multiple comparison test using SPSS 20.0 software (SPSS Inc.). Significance was set at P , 0.05 for all tests. Data are expressed as mean 6 standard error of the mean (SEM). 
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RESULTS
Expression of CASR in the Porcine Oocytes and Cumulus Cells
CASR expression in porcine oocytes and cumulus cells was assessed using RT-PCR and Western blots. The target fragment (expected length 186 bp) of CASR mRNA was detected in both oocytes (Fig. 2A, lane 6 ) and cumulus cells (Fig. 2A, lane 7) , and was absent in the negative control (Fig. 2A, lane 5) . In the Western blot analysis, a single ;160 kD protein band was found in both oocytes (Fig. 2B, lane 1) and somatic cells (Fig.  2B, lane 2) of porcine COCs.
CASR Protein Expression and Subcellular Localization in Porcine Oocytes Maturated in Different Medium
The following four treatment groups were used to study whether CARS expression was controlled by gonadotropins and/or EGF during oocyte maturation: gonadotropins and EGF, gonadotropins only, EGF only, and untreated (gonadotropinand EGF-free control). The expression of CASR in oocytes maturated in different medium was compared (Fig. 3, A and B). Treatment with gonadotropins increased CASR expression after 22 h (P , 0.05; Fig. 3, A and B) , and CASR protein levels peaked at 28 h and slightly declined by 44 h. On the other hand, EGF had no effect on CASR protein level (P . 0.05; Fig. 3, A and B) and CASR protein did not vary over time.
Further, we assessed the differences in the CASR distribution in porcine oocytes matured in the four medium described above. CASR was present both on the cell surface and in the cytoplasm. After maturation, two patterns of subcellular CASR distribution, cortical and homogenous, were detected (Fig. 3C) . When cultured in gonadotropin-free medium (with or without EGF), cortical distribution of CASR was significantly decreased compared to oocytes grown in medium supplemented with gonadotropins. However, EGF did not affect CASR distribution pattern in either medium (Fig.  3D) .
Effects of CASR Agonist NPS R-568 and Antagonist NPS2390 on Porcine Oocyte Nuclear Maturation
To confirm whether the CASR-signaling pathway is needed for oocyte reentry into meiosis, oocytes were cultured in four different maturation medium and CASR was inhibited with NPS2390 or activated with NPS R-568. Porcine COCs exposed to NPS R-568 in gonadotropin-containing medium showed increased maturation rate compared to control oocytes derived from COCs matured without CASR agonist or antagonist. Addition of the CASR antagonist NPS2390 to medium supplemented with gonadotropins significantly decreased oocyte maturation (P , 0.05; Fig. 4A ). In the gonadotropinfree groups, oocyte maturation rates were not different from controls after supplementation of NPS R-568 or NPS2390 (P . 0.05; Fig. 4A ).
However, pFF contains many different substances that improve nuclear maturation [39] . To confirm whether the role
FIG. 4. Effects of inhibition or activation of CASR on porcine oocyte maturation.
A) The influence of NPS R-568 and NPS2390 on the maturation proportion of oocytes matured under different gonadotropin and EGF conditions. B) Nuclear maturation of porcine oocytes after IVM without pFF and in the presence of NPS R-568 and NPS2390. C) The 3 effects of NPS R-568 and NPS2390 on the nuclear maturation rate of porcine oocytes cultured with individual gonadotropin (FSH or LH). Data are expressed as mean 6 SEM from three independent experiments. Bars with different letters represent treatments that are significantly different among the different treatments at the same gonadotropin and EGF condition (P , 0.05).
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of CASR in porcine oocyte maturation was depended on pFF, we used IVM media using 0.1% PVA instead of 10% pFF. In the pFF-free groups, the positive effect on maturation rate induced by NPS R-568 was observed, while NPS2390 decreased maturation rate (P , 0.05; Fig. 4B ).
To further illustrate that gonadotropin was needed for the function of CASR in maturation, we used only one gonadotropin (FSH or LH) to induce porcine oocyte maturation. Regardless of which gonadotropin was used, NPS R-568 induced a significant increase in nuclear maturation rates compared to controls (P , 0.05; Fig. 4C ).
Treatment of COCs with CASR agonist or antagonist for certain time periods during IVM was performed to determine time-sensitive functions of CASR. NPS R-568 produced a significant increase in nuclear maturation rates in all groups compared to controls (Table 1) . Conversely NPS2390 treatment decreased the oocyte maturation rate.
Effect of NPS R-568 and NPS2390 on Cytoplasmic Maturation and Embryonic Development
To study the influence of CASR on cytoplasmic maturation, CYCLIN B1 protein, intracellular ROS, and GSH were measured. CYCLIN B1 (62 kD) levels increased by ;1.4-fold in oocytes matured in the presence of NPS R-568 (P , 0.05), while a significant decrease was noted with the addition of NPS2390 compared with controls (Fig. 5, A and B) . Supplementation with NPS R-568 raised GSH in oocytes and decreased ROS generation (P , 0.05; Fig. 5C ). NPS2390 had an inverse effect on GSH and ROS compared to the CASR agonist (P , 0.05; Fig. 5C ). Also, increased CYCLIN B1 expression and GSH generation induced by NPS R-568 is positively related to accelerated rates of embryo formation (P , 0.05; Table 2 ). 
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Effects of NPS R-568 and NPS2390 on CASR Expression and Subcellular Localization During Porcine Oocyte Maturation
We evaluated whether the effect of NPS R-568 and NPS2390 on oocyte nuclear maturation was a CASR-specific response by measuring expression and localization of CASR in porcine oocytes after incubation with either compound. CASR transcripts and protein decreased in oocytes treated with NPS R-568 compared to controls after 28 h of maturation. On the other hand, NPS2390 increased CASR expression (P , 0.05; Fig. 6, A-C) . In the NPS R-568-treated group, cortical distribution of CASR was higher than in controls and in NPS2390-treated oocytes (P , 0.05; Fig. 6D ).
Effects of NPS R-568 and NPS2390 on MAPK3/1 Phosphorylation During Porcine Oocyte Maturation
To explore the signal transduction pathway by which CASR promoted porcine oocyte maturation, MAPK3/1 phosphorylation was measured in oocytes with Western blots. The data revealed that phosphorylated MAPK3/1 (p-MAPK) is almost undetectable in oocytes at 0 h, and it increased significantly as oocytes matured in the control and NPS R-568-treated groups (Fig. 7, A-C) . MAPK3/1 phosphorylation was initially increased in oocytes after treatment with NPS R-568 compared to controls (P , 0.05; Fig. 7 ) and decreased after NPS2390 treatment (P , 0.05; Fig. 7 ).
DISCUSSION
In this study, we discovered a novel role of CASR signaling in porcine oocyte maturation. CASR transcript was present in oocytes and cumulus cells, and a CASR-specific antibody recognized a ;160 kD protein band, which is different from human [25] or equine [13] CASR, likely due to different levels of glycosylation [40] [41] [42] . We investigated the functional role of CASR in porcine oocyte maturation by inhibition or activation using an antagonist (NPS2390) or agonist (NPS R-568), respectively. Our results show that CASR is crucial for oocyte maturation by mediating the effects of gonadotropins.
During maturation, gonadotropins stimulate CASR expression and induce a change in its subcellular distribution pattern. Although a role of CASR on oocyte meiotic maturation has been previously reported in human [25] and in a large animal model, such as the horse [13] , its specific actions in porcine oocyte maturation and particularly, whether CASR works as a downstream regulator of gonadotropin or EGF were not proven until now. To confirm the specific interactions between gonadotropins/EGF and CASR, we used a gonadotropins/ EGF-deprived IVM system, although ablation of these hormones prior to initiation of oocyte maturation may not be physiological. By 28 h after receiving gonadotropins but not EGF, CASR expression reaches its peak and the relative concentration declines at 44 h after treatment, which might be considered as being in line with what was already observed in human [25] regarding the interval needed to reach the MII stage. We showed that gonadotropins but not EGF can upregulate CASR expression during oocyte maturation, which may be due to the ability of gonadotropins to elicit multiple signaling pathways [43, 44] . Thus, CASR may need gonadotropin stimulation to function appropriately.
We also found that CASR in oocytes were either cortically or homogeneously distributed, and after maturation in the presence of gonadotropins, cortical distribution increased. As already reported by De Santis et al. [13] and Dell'Aquila et al. [25] , CASR present on the cell surface may represent the mature form of the receptor and cytoplasmic CASR may be the nascent receptor protein, undergoing posttranslational modifications. Enrichment of cortical CASR during maturation was observed in equine and human oocytes [13, 25] . Together, these findings suggested that the translocation of CASR may be used as a marker for oocyte maturation. Receptor activitymodifying proteins (RAMPs) are known to regulate translational and cell surface delivery of the protein [45] [46] [47] , and RAMP2 has been confirmed to modulate CASR delivery [48] . Whether gonadotropins regulate CASR cell surface delivery via RAMPs requires further investigation.
With or without EGF, NPS R-568 and NPS2390 modified the maturation rate only in the gonadotropin-treated groups but not in the gonadotropin-free groups. Regardless of the duration of the CASR agonist treatment (0-22, 22-44, or 0-44 h), the number of oocytes reaching MII was significantly increased in the presence of NPS R-568, but not with NPS2390. Thus, gonadotropins can regulate both the onset of meiotic resumption and the transition from the MI to the MII stage via CASR participation. These data indicates that CASR interacts with gonadotropins during porcine oocyte maturation. Interestingly, EGF had little impact on expression, localization, and function of CASR in porcine oocyte maturation. It is well known that EGF is a 53 amino acid single-chain polypeptide with a molecular weight of ;6 kD [49] . EGF binds to EGF receptors (EGFRs) located on both the mural and cumulus GCs and activates many different signaling networks involved in oocyte maturation and cumulus expansion [50, 51] . EGF is the downstream effector of gonadotropins during oocyte maturation [1] . Meanwhile, EGFR expression could be induced by FSH, and this FSH-dependent increase is necessary for EGFR physiological functions [52] . Therefore, the less pronounced effect of EGF on the expression, localization, and function of CASR may be caused by the reduced expression of EGFR.
Morphological and biochemical changes during meiotic maturation indicative of cytoplasmic maturation were considered important for normal embryo development [26] . The ROS generated during the IVM of oocytes affects oocyte maturation and subsequent embryonic development [53] . Moreover, GSH serves as a key antioxidant during cytoplasmic maturation. Intracellular GSH has been generally recognized as a molecular marker that predicts cytoplasmic maturation in porcine oocytes [54] . Maturation-promoting factor (MPF), which regulates oocyte maturation progression, is a complex of CYCLIN B and CDC2 [55] . The amount of CYCLIN B is the principal factor of MPF activity, and its protein accumulates during interphase and reaches the highest level during the M phase [56] . So the expression of CYCLIN B1 has been described as a marker that reflects cytoplasmic maturation [26] . Cytoplasmic oocyte maturation was promoted through CASR activation by NPS R-568, which increased CYCLIN B1 and GSH and decreased ROS in porcine oocytes. The function of CASR in cytoplasmic oocyte maturation is another novel finding. These changes we described in the cytoplasm during oocyte maturation may be associated with CASR complex regulatory mechanisms. Because oocyte quality is a key determinant of successful embryonic development [57] , CASR may increase oocyte quality as evidenced by greater embryo formation after coculture with the CASR agonist. 
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Decreased CASR mRNA and protein expression after the addition of NPS R-568 was observed, and this may be explained by CASR gene promoter regions and response elements that contribute to up-or down-regulation of CASR expression [58] . Cortical distribution was increased after agonist treatment, which is similar to what was previously observed [13] .
The MAPK pathway control mammalian oocyte maturation [59, 60] by remodeling microtubule organization [61] and promoting meiotic progression [62] . Activation of MAPK is necessary for gonadotropin-induced meiotic resumption of oocytes [63] . NPS R-467 enhances phosphorylated MAPK (p-MAPK) immunoblotting and immunofluorescence signals in horse oocytes [13] . Using another CASR agonist NSP R-568, we discovered that in porcine oocytes, enhanced p-MAPK levels were due to CASR-mediated stimulatory effects of gonadotropins on oocyte nuclear maturation. Inhibition of CASR by NPS2390 was followed by reduced levels of p-MAPK during oocyte maturation. Together, these findings suggest that CASR participates in gonadotropin-induced oocyte nuclear maturation through MAPK signal transduction.
In conclusion, the present study strongly supports a functional role of CASR on meiotic nuclear and cytoplasmic oocyte maturation in the porcine model. Further evidence shows that the positive role of CASR in oocyte maturation is mediated by gonadotropins through a MAPK pathwaydependent mechanism.
